Loss of Spine IP3 Receptors and LTD in Mutant
was specific to the dendritic spines, because IP3 receptors were still present in the soma and dendritic shafts of these cells ( Figures 1C and 1D) . mice (37.4% Ϯ 4.3% depression; n ϭ 5) but was absent (7.5% Ϯ 11.2% depression; n ϭ 4) in dl mutant mice We next asked whether the mislocalization of IP3 receptors affects LTD at PF synapses of mutant animals.
( Figure 2D ). The fact that the mutant rats and mice exhibit similar losses of LTD indicates that the lesion reIn normal rats, LTD was readily induced by simultaneous activation (1 Hz for 5 min) of PF and CF synapses (Fig- sults from the absence of myosin-Va rather than an indirect consequence of genetic backgrounds (Banbury ures 2A and 2C, left), a protocol that is optimal for inducing LTD (Miyata et al., 1999). At 30 min after the onset Conference, 1997), which are very different in the two species. of this stimulation, the mean slope of excitatory postsynaptic potentials (EPSPs) resulting from PF activity was depressed by 28.8% Ϯ 8.6% (mean Ϯ SEM; n ϭ 10) of
Normal Synaptic Transmission in Mutant Animals
We performed several measurements to define the nathe control value measured prior to pairing. In contrast, in dop mutant rats, the same conjunctive PF and CF ture of the LTD lesion occurring in the mutant animals. spines and PF terminals were observed (Figure 3 ). The whose amplitudes were graded with stimulus intensity. There was no significant difference between control and number of PF synapses per 100 m 2 of molecular layer was 10.9 Ϯ 2.5 (n ϭ 12) for dop mutants and 13.7 Ϯ 2.1 mutant rats in the time course of PF-mediated EPSCs ( Figure 4A , top). PF-EPSCs had a rise time (10%-90%) (n ϭ 10) for normal rats, showing no significant difference (p Ͼ 0.05, Mann-Whitney U test). Further, the ultraof 1.33 Ϯ 0.40 ms for control rats (n ϭ 16) and 1.45 Ϯ 0.34 ms for dop rats (n ϭ 14); the decay time constants structure of the PF synapses was not perceptibly different from the control rats. The molecular layer of dl for these EPSCs also were very similar (14.1 Ϯ 5.3 ms for control and 15.3 Ϯ 5.1 ms for dop). In both types of mutant mice also appeared very similar to that of control mice (data not shown).
Purkinje cells, PF-EPSCs were little affected by an NMDA receptor blocker, DL-2-amino-5-phosphonopenWe next asked whether the mutations prevented LTD by altering PF or CF synaptic transmission. For this tanoate (AP5, 100 M; Figure 4A ), but were almost totally suppressed by an AMPA receptor antagonist, 6-cyanopurpose, we used whole-cell patch clamp methods (Edwards Figure 5A ) as well as their voltage dependence EPSCs also did not differ between control (882 Ϯ 263 pA; n ϭ 29) and dop (807 Ϯ 376 pA; n ϭ 19) rats. In both ( Figure 5B ) when compared to those recorded from Purkinje cells from control rats. Very similar results were control and mutant rats, CF-EPSCs were not affected by AP5 (100 M) but were almost totally suppressed by obtained in Ca 2ϩ current recordings from mutant mice. Likewise, the complex spikes and resultant increases CNQX (10 M) ( Figure 4C ). CF-EPSCs exhibited pairedpulse depression at interpulse intervals between 50 and in dendritic Ca 2ϩ concentration arising from CF activity were unaffected in the mutant mice ( Figure 5C ). These 3000 ms ( Figure 4D ), due mainly to decreased transmitter release in response to the second pulse (Hashimoto Ca 2ϩ signals could be described as the sum of two exponentially decaying components whose amplitudes and Kano, 1998). The magnitude of paired-pulse depression tended to be greater in dop mutants (n ϭ 9) than and time constants were very similar in control and mutant Purkinje cells (data not shown). These results indiin normal littermates (n ϭ 9), especially at brief interpulse intervals ( Figure 4D ). This suggests a slight change in cate that Ca 2ϩ signaling due to CF activity is normal in mutant Purkinje cells. neurotransmitter release and/or a retardation of devel- Takechi 
